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APPLYING PARAMETRIC TEST PATTERNS
FOR HIGH PIN COUNT ASICS ON LOW PIN
COUNT TESTERS

BACKGROUND OF INVENTION

1. Field of the Invention

The present invention generally relates to integrated cir-
cuit chip testers and more particularly to a universal banking
box of switches that allow products to be tested on testers
with fewer tester channels a product under test has pins.

2. Background of Invention

A product-design-specific Test Manufacturing Data
(TMD) file 1s required for each ASIC logic product design.
Since the TMD file 1s design-speciiic, creation of this file 1s
typically the customers responsibility (some manufacturers
offer Test Generation as a design service for ASIC
customers). The TMD file contains a number of design-
specific elements, including a complete gate-level logic
model of the design and all the design-specific test patterns
required to verily correct fabrication of the design.

For some ASIC products, the TMD contains reduced pin
count test (RPCT) patterns for the logic circuitry, cores, and
embedded memory that are internal to a boundary scan
chain. These test patterns use a reduced number of product
pins, called test 1/0, that allow these internal tests to be
applied using a low pin count tester. The TMD also includes
an explicit external I/0 test pattern subset that 1s used to test
the logical and parametric functionality of the off-chip driver
and recerver circuits that fall outside of the logical enclosure
created by the boundary scan logic structure. These external
I/0 test patterns are generated under the assumption that all
of the products signal I/O pins will be simultaneously
contacted during test. This assumes the external I/O test
patterns will be applied by a full pin count tester with as
many test channels as the product has signal I/O pins.
Although the internal tests can be applied with a low pin
count tester, this assumes the external I/O tests would still
require the high pin count tester.

The number of test channels on the tester has a direct
relationship on the cost of Automatic Test Equipment (ATE).
As an example, the International Technology Roadmap for
Semiconductors (ITRS) estimates the cost of each reduced
function (DC) tester channel to be $200. Adding 2048 DC
channels to a RPCT tester would increase its cost by
$409,600. Presently, when products have pin counts and
volumes that exceed the capacity of existing testers, expen-
sive higher pin count testers must be purchased. Future
technology offerings will lead to products with even higher
pin counts.

SUMMARY OF INVENTION

The present mnvention comprises an integrated circuit chip
test apparatus that has a module test fixture having contact
pads. The contact pads are adapted to make contact with
signal mput/output pins on an integrated circuit chip being
tested. An intermediate banking box 1s connected to the
module text fixture and a tester 1s connected to the interme-
diate banking box. The tester includes at least one bank of
channels. There are more of the pins on the integrated circuit
chip than there are channels 1n the tester. The intermediate
banking box includes switches connected between the con-
tact pads and the channels. The switches are adapted to
selectively connect a subset of the contact pads to the
channels to connect the tester to a subset of pins, thereby
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allowing the tester to test a portion of the mtegrated circuit
that corresponds to the subset of pins. The selected channels
arc dedicated to specific pins and are not switched to
different pins during chip testing. Flex channels can change
to which pin connections the dedicated channels are dedi-
cated when testing different types of chips. The intermediate
banking box has a multiplexor controller for coordinating
the connections of the banks. The banks are connected 1n
parallel within the banking box.

A 1ull chip test program supplied to the tester 1s modified
by the tester such that the tester sequentially applies portions
of the full chip test program to portions of the integrated
circuit as limited by the number of channels. The interme-
diate banking box 1s adapted to be connected to a plurality
of different module text fixtures associated with different
types of integrated chips to be tested, such that the inter-
mediate banking box can be used to test a plurality of
different pin style integrated circuit chips.

BRIEF DESCRIPTION OF DRAWINGS

The foregoing mvention will be better understood from
the following detailed description with reference to the
drawings, in which:

FIG. 1 1s a schematic diagram of module banking;

FIG. 2 1s a schematic diagram of complex module bank-
Ing;

FIG. 3 1s a schematic diagram illustrating the intermediate
banking box with flex channels;

FIG. 4 1s a schematic diagram 1illustrating a banking
problem due to differential I/O pairs;

FIG. 5 1s a schematic diagram 1illustrating a problem with
differential I/O on different multiplexor ports;

FIG. 6 1s a schematic diagram 1llustrating an intermediate
banking box with a multiplexor controller incorporated;

FIG. 7 1s a schematic diagram 1illustrating a banking
problem due to a differential I/O pair on different ports on
the same multiplexor;

FIG. 8 1s a schematic diagram 1illustrating a solution to the
problem shown 1n FIG. 7; and

FIG. 9 1s a schematic diagram 1llustrating an intermediate
banking box with parallel multiplexors incorporated.

DETAILED DESCRIPTION

This invention presents a Reduced Pin Count Test design
and test methodology that allows parametric test patterns for
higch pin count ASICs to be applied using low pin count
testers. The same boundary scan structure used to 1solate the
test of 1internal logic to a small number of test I/0 1s also used
to apply parametric external 1/O tests to the ASICs func-
tional I/O. The parametric tests are banked 1nto pin groups
and applied on the same low pin count tester used for the
internal logic tests. This results 1n substantial manufacturing
test cost savings without loss of parametric fault coverage or
test quality.

Using ASIC design and test methodologies, the paramet-
ric test patterns for high pin count products can be banked
and applied by low pin count testers. The process used for
“banking” 1s explained later 1n this paper. Complete para-
metric fault coverage 1s retained, thus allowing high quality
test while avoiding the manufacturing cost of purchasing
and operating high pin count testers. All types of I/O books
are supported mcluding pairs of CMOS ditferential I/O and
voltage reference I/O. Manufacturing banks the parametric
test patterns after the customer has completed Automatic
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Test Pattern Generation (ATPG). The ATPG can occur
without knowledge of how the test patterns will be banked
for application by a low pin count tester.

The ASIC boundary scan design supports reduced pin
testing 1 a fashion similar to IEEE 1149.1. The ASIC
boundary scan design differs in that 1t uses LSSD scan
chains 1n place of the dedicated test access port. The ASIC
boundary scan chain 1s an LSSD chain that, like IEEE
1149.1, separates the device test 1into two testable regions.
The region internal to the boundary scan chain consists of all
the logic circuitry, embedded memory, and cores. This
internal region can be fully tested using a reduced number of
test pins such as test control inputs, scan chain I/0, and test
I/0. The region external to the boundary scan chain contains
the same 1nternal test controls and I/0. It also includes all the
external I/O pins. These are all the remaining functional and
data I/O on the product.

Most external I/O are bi-directional pins with their
receiver, driver, and enable controls wired to RPCT test I/O
and latches 1n the boundary scan chain. The external I/O are
wired mdependently of other external I/O. Each of these
external I/O can be tested individually by using only the one
external I/O, the RPCT test 1/O, and the boundary scan
chain. Alternately, given their independence, the tests of
several external I/O can be merged and tested together by the
same test pattern.

There are also specialized external I/O books that are
dependent on other external I/0. Differential I/O have a true
pin and a complement pin. During a receiver test, the true
and complement pins must receive opposite binary stimuli.
Both pins must receive these simultancous stimuli during
their test patterns. The differential I/O pins must be tested
together.

Some external I/O books are dependent on a voltage
reference sourced from the tester through another external
input. The reference input must be held at the required
voltage for any external I/O tests that involve an I/O using,
the reference voltage. There are sometimes large numbers of
such I/0O (e.g., 200). The most practical way to satisfy this
requirement 1s to have the voltage reference 1mnput active for
the test of any group of the external I/O pins.

The region external to the boundary scan chain contains
minimal logic circuitry such as the 1/O receiver and driver
controls and the wiring of the external I/O data lines to
multiplexers and the boundary scan chain. This external
region can be fully tested using the test controls, boundary
scan chain and the external I/O pins. Much of the external
region can be tested using an I/O wrap test. I/O wrap test
patterns launch stimuli from the boundary scan chain, wrap
the stimuli through the bi-directional external I/O, and
observe the result by capturing it back 1n the boundary scan
chain. Since there 1s little circuitry under test 1n this region,
a small number of the I/O wrap test patterns are required. In
addition to the I/O wrap test, external I/O tests can be used
to test the off-chip drivers and on-chip receivers within the
external I/O books. The external I/O tests also have a rather
simple structure requiring a relatively small number of test
patterns.

The ATPG for the external I/O tests targets special para-
metric faults to speciiically test off-chip drivers and receiv-
ers. The ATPG tool also segregates the external logic (that
connected to the external I/O plus the necessary test control
logic). By targeting only the parametric faults and using only
the external logic, the ATPG patterns are very structured and
very simple, either applying tester stimulus to the external
inputs, observing them in the boundary latches, or else
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measuring the external drivers after applying the driver
enable and data signals from the boundary scan latches.

The ATPG additionally generates a few patterns to test
any remaining stuck faults in the external logic, such as the
boundary scan multiplexers. These patterns are also very
simple and structured due to the nature of the boundary scan.

As shown 1n FIG. 1, banking 1s a method that switches a
predefined group of tester channels 10 between “active”
(connected) and “inactive” (unconnected) groups of pins on
the product. One banking technique 1s implemented directly
on the module test fixture 11 (device interface board). As an

example, a module test fixture 11 with banking can extend
a tester 12 with 512 tester channels 10 to test a product 13
with 1,592 test pins 14. To begin, 150 tester channels could
be fixed to always contact 150 of the products pins to handle
the RPCT test I/O. Configuring the banking 16 can use a 1:4
multiplexer 17. Two tester channels 18 are needed to control
the banking multiplexor 17 on the module test fixture 11.
The remaining 360 tester channels 19 can be switched
between four banked groups 20. Each banked group 20,
when active, would connect to 360 external I/O pins 14 on
the product 13. The 1:4 multiplexed banking 16 extends the
360 tester channels to support test of 1,440 product pins 14.
Therefore, the 150 fixed channels 15 plus the 360 channels
19 banked to four groups 20 extends the 512 pin tester to test
products 13 with up to 1,590 pins.

A more complex example (shown in FIG. 2) could include
testing a product 13 that has both voltage references and
differential I/O 24. For instance, the above example could be
modified to include 20 product voltage references and one
differential I/O 24 that resides outside the 150 test I/O 185.
Once again the 150 product test I/O 15 are fixed to always
contact 150 tester channels; the 20 voltage references 24 are
treated 1n the same manner. A total of 170 tester channels
have now been accounted for, this leaves 342 channels to act
as banked channels 16 and as the control 18 for the banked
channels. Allowing two channels for control 18 provides
340 tester channels 23 capable of contacting 1,360 product
pins 14. This 1s accomplished by configuring the banking
switches as 1:4 multiplexers 17. With this approach, the total
product pin count that can be tested by a 512 pin tester 1s
1,530 pins. To address the differential I/O requirement, the
differential I/O true and complement pins must be paired by
connecting them to the same port on two different multi-
plexers. This will insure that both pins of the differential I/0
are connected and disconnected to the tester as a pair.

Implementing the examples above would require 1,440
and 1360 switches respectively. Each subdivision of four
switches 1s arranged to form a 1:4 analog multiplexer 17. As
product pin counts increase, the banking implementation on
the module test fixture 1s limited. The increased number of
switches required will exceed the available area on the
module test fixture. Also, each module test fixture 1s spe-
cifically designed to meet the needs of its intended product.
This leads to a custom module test fixture and lead time
issues associated with the design and fabrication of this
module test fixture.

As shown 1n FIG. 3, another implementation of banking
1s to place the banking hardware into an intermediate
banking box (IBB) 30 that resides between the tester 12 and
the module test fixture 11 (which is connected to the product
13 as shown in FIGS. 1 and 2). One advantage of moving the
switching circuitry 17 off the module test fixture to an
intermediate box 1s that the switching circuitry setup
becomes a one time up front cost. This avoids the repetitive
costs and development lead-time of building custom module
test fixtures 13 for high pin count ASICs.
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An additional advantage of placing the banking hardware
into an 1ntermediate box 30 1s that more space 1s available
for the banking circuitry. Not only can the additional space
be used for obtaining higher pin counts than that possible by
banking on a module test fixture, but the additional space

can also be used for additional hardware related to voltage
reference I/O and differential I/O 24.

Recall that while the other types of external I/O 23 can be
banked and tested as banked groups, the reference voltages
are applied to these voltage reference 1/0O 24 throughout the
duration of testing all the banks. In order to eliminate the
need for fixed tester channels to support voltage reference
I/0s “Flex Channels” 32 are added to the design. “Flex
Channels” 32 are a cross-point switching network that
allows a set of tester channels to connect to any of the
external I/O pins 31 of the module test fixture 11 during any
banking configuration. The number of tester channels
required for the “Flex Channels” 32 1s determined by the
maximum number of voltage reference 1/0s 24 supported by

the ASIC technology.

In comparison to the banking on the module test fixture as
shown 1 FIG. 2, two changes have been made. First, the
banking circuitry now resides in an intermediate banking
box 30, and all the tester channels are routed through the
banking box 30 connecting to the module test fixture 11.
Secondly, “Flex Channel” switches 32 are added to the
design to route the twenty tester channels that are dedicated
for voltage reference 1/0 24 to any of the 1,360 external I/O
pins 14 on the product 13. As a result, module test fixtures
can now be more easily reused, where products have the
same physical image with consistent placement of 1/O pins.
However, 1n order to assure that these test module fixtures
are reusable, problems caused by differential I/O must be
addressed. Also, note that a method to control the “Flex
Channels” 1s needed. Controller circuitry placed within the
IBB can be used to solve these problems.

As previously mentioned, differential I/O 1s a pair of
external I/O pins that must be 1n a common bank, each with
an active tester channel. Consider each banked tester chan-
nel as being routed through a 1:2n multiplexer. By using a
simple n-bit control scheme to control 2n banks, where all
the multiplexers have the same port selected, two problems
can arise. First, each pin 1n the differential I/O pair can exist
on different ports on different banked channels. Second,
cach pin in the differential I/O pair can exist on different
ports on the same banked channel.

FIG. 4 1llustrates the first differential I/O problem, differ-
ent ports on different banks. This problem occurs when each
pin 42 of a differential I/O pair 1s serviced by two different
tester channels 40, 41 but on different ports (e.g., 0 and 2)
of each multiplexer 17, preventing the use of a simple
control scheme. By introducing a controller 50 connected to
a communication bus 51 in the intermediate box, shown 1n
FIG. 5, each banked tester channel can now be routed
independently of all the other banked tester channels. This
banking control technique 1s referred to as “Soft Banking”.

FIG. 4 shows the banking problem due to a differential
I/O pair on different multiplexer ports using simple n-bit
control scheme. FIG. 5 shows the differential I/O on differ-
ent multiplexer port problem solved by using a controller 50
that accepts commands from the tester and can control each
multiplexer 17 independently. The addition of the multi-
plexer controller 50 to the FIG. 3 example results in FIG. 6.
The controller 62 1n the FIG. 6 example uses serial com-
munication and requires four channels 63, resulting in the
banked channels 16 being reduced to 338 tester channels 64.
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However, because the mntermediate banking box 30 can have
much more area available for hardware, larger multiplexers
can be used 1n the design. In this example, 1:12 multiplexers
60 arc used with an appropriate controller 62 and the number
of “Flex Channels” 32 1s increased. The controller 62 is
further modified to control the assignment of “Flex Chan-
nels” 32 to voltage reference 1/0 24. As shown 1 FIG. 6,

products with up to 4,206 1/0 pins can be tested by a 512 pin
tester 10.

FIG. 7 1llustrates the other differential I/O problem. A
product 13 can have a pair of the differential I/O 42 that are
located on the same multiplexer 17 within the IBB 30. To
solve this problem, as shown 1n FIG. 8, a second multiplexer
80 1s placed 1n parallel with the “Banked Channel” multi-
plexer 70 forming a cross-point switch 83 that allows two
tester channels 41, 81 to connect to any of the external I/0O
pins 14 1n a banked group. This second banking path 81, as
shown 1 FIG. 8, 1s referred to as the “Alternate Banked
Channel” 80. Since a products design can place a differential
I/O pair on the multiplexer 17 on a “Banked Channel” 41,
the solution requires that “Alternate Banked Channels” 81
be used 1n conjunction with “Banked Channels” 41. Thus,
FIG. 8 shows the differential I/O on same multiplexer
problem solved by using a controller 50 that accepts com-
mands from the tester and can control each multiplexer 17,
80 independently.

FI1G. 9 shows the inclusion of the parallel multiplexers 17,
80. In order for the IBB 30 to continue to allow a tester 12
with 512 full functional tester channels 10 to test products 13
of up to 4,206 pins 14, 1:24 multiplexers 17, 80 with the
appropriate controller 62 were used for banking. In the FIG.
9 example, 338 1:24 multiplexers (or 8,112 switches) would

be needed for the “Banked” 41 and “Alternated Banked
Channels” 81 and 4,206 1:20 multiplexers (or 8,112
switches) for the “Flex Channels™ 32.

With the “Flex Channel” 32 and “Alternate Banking
Channel” 81 switching schemes, along with “Soft Banking™,
the itermediate banking box 30 can be programmed to
handle the ASICs special banking requirements described
carlier. The need for many custom module test fixtures 11 1s
reduced to just one fixture per product image. The module
test fixtures 11 need not contain banking circuitry custom-
1zed to mdividual ASIC products. The intermediate banking
box 30 precludes the cost of several custom module test
fixtures 11 each with expensive banking circuitry.

As described above, banking can be implemented on the
module test fixture 11 or with an intermediate banking box
30 that 1s placed between the tester 12 and the module test
fixture 11. Both of these approaches work with existing ATE
(Automated Test Equipment). However, future Design for
Test (DFT) testers could implement the banking switching,
programming, and calibration support within the tester.

Automatic Test Pattern Generation (ATPG) can be used to
bank the External I/O test patterns such that they can be
applied on the low pin count testers using a banked module
test fixture. Through the early 1990°s banked External I/0
test patterns were used. The ATPG of External I/O test
patterns for that earlier banking method assumed that, at
most, just one external I/O pin could receive a stimulus
during a test pattern. For every external I/O pin, the three
receiver parametric tests of logic 1, and 0 were each gen-
erated as a separate test pattern. The driver parametric test
patterns were allowed to measure any number of pins.
Manufacturing test could then organize the receiver tests
into the banked pattern sets conforming to the banked pin
ogroups defined by the module test fixture. The receiver tests
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were banked 1mto pattern sets, each containing the tests for
the pins 1 a banked group. The driver tests were included 1n
all the grouped pattern sets. Measures within the driver tests
were 1gnored when the measured pin was not active 1n a
particular group. Since every external I/O pin was active in
at least one group, every pins receiver and driver tests are
applied by one of the banked pattern groups. The complete
independence of the external I/O pins and their test patterns
also allowed banked module test fixtures to be shared by
products with the same physical size and 1mage.

The earlier banking method was made obsolete by the
evolving ASIC technology offerings. It had allowed stimulus
to be applied to, at most, one external I/O pin by each test
within the External I/O test patterns. In 1995, an ASIC
technology introduced differential I/O pins and special volt-
age reference I/0 pins. During the external 1/0 tests, these
special types of external I/O require multiple pins to be
simultaneously contacted and to receive stimuli. This com-
plicates the coordimnation of the customers test generation
and the use of banking for manufacturing test. These special
types of interdependent external I/O must be together 1n one
bank. However, an ASIC customers product design and test
pattern generation occurs well before the manufacturing
module test fixture 1s defined.

ATPG tools do not support importing information about
the physical location of the chip I/Os and their module pin
mapping. Test generation uses a logical model of a chip and
its I/0. The actual physical location of these I/O on the chip
1s defined separately by the physical design process. In
addition, the secondary mapping of the chip I/O to module
pins 1s defined by yet another process, the design of the
module substrate. In some cases, the same product can be
packaged on different module substrates.

It 1s logistically impractical for a test fixtures banking
coniliguration to be “backed” through the module substrate
design and the physical design definition of chip pad loca-
tions to the ATPG logical test pins. Hence, 1t 1s impractical
for the customers AIPG to have the forward knowledge of
how the external I/O pins will be banked by manufacturing.
It 1s after test generation and module substrate definition that
manufacturing can best define “banked” pin groups and
build a banked module test fixture. The external I/O
“banked” pin groups are determined by cross-referencing
the ATPG logical test pins to their physical chip pad loca-
tions and, 1n turn, to the module pin locations on the module
substrate. The ATPG logical model and the chip and module
physical design models are used to determine the fixed
physical locations of the multiple pins that need to be
simultaneously contacted.

Since the customers test generation lacks the physical
information required to determine banking, the “practical
solution” has been to have the ATPG assume all pins would
be contacted by a high pin count tester. This undesired
“solution” began 1n 1995, and has required the purchase of
high pin count testers to test the higher pin count products.

As manufacturing gets future orders for high pin count
and high volume products, the continued economic interest
1s to minimize capital costs and production costs by testing
the product on existing testers or less expensive testers with
fewer tester channels then the product has pins. Because of
the special I/O pins described above, customers test genera-
tion for the external I/0O tests will continue to be run to with
the assumption that the tester will contact all the product
pins simultaneously. However, after receiving the test
patterns, manufacturing can use the inventive banking
method to modily the external I/O test patterns such that
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they can be applied on testers with fewer test channels using
custom banked test fixtures or an intermediate banking

board.

The 1nventive banking method handles the measures
within the external I/O driver tests in the same fashion as the
carlier method. However, by utilizing re-simulation of the
suitably modified external I/O test patterns, the method does
not restrict the tests to just one stimulus per test pattern on
the external I/O pins. Any and all of the pins in the active
bank can have stimuli applied by one of the re-simulated test
patterns. Since the customers test generation 1s done assum-
ing all pins will be contacted then there are many fewer test
patterns each containing stimuli on many external I/O pins.
Consequently, even after replication of the external 1/0 test
patterns for each bank, the net result 1s that the modified and
re-simulated external I/O test patterns are far fewer 1n
number and will require less time to apply 1n comparison to
the earlier banking method.

Banking external I/O parametric tests 1s made possible by
of the following ASIC design and test characteristics. ASIC
Boundary Scan Design Rules restrict the wiring and logic
outboard of the boundary scan chains in such a fashion that
the outboard circuitry and the test patterns generated for 1t
are distinctly disciplined and structured. External I/O test
patterns generated assuming full pin count test for products
that use ASIC Boundary Scan Design Rules have the unique
characteristics that allow them to be modified and
re-simulated such that they can be applied using a “banked”
external I/0 test methodology. For typical external I/O pins
in the parametric test patterns, the ASIC Boundary Scan
Design Rules cause the preconditioning of each parametric
fault objective on typical external I/O to be entirely inde-
pendent of the preconditioning for other parametric fault
objectives. When one test pattern contains the tests of many
parametric faults, the preconditioning and test of individual
parametric faults can be separated from that original test
pattern and regrouped into two or more “banked” test
patterns. Thereby, each full pin count test pattern can be
separated into “banked” test patterns. The future introduc-
tions of other types of external I/O with special interdepen-
dencies are highly unlikely to compromise this banking test
methodology. This method allows all pins that are continu-
ously contacted plus all pins in a given bank to have stimuli
and measures within the same test pattern. In order to
compromise this methodology, the number of external I/O
on a product with such an interdependency would have to
exceed the number of pins 1n the union of the group of
confinuously contacted pins and a “banked” group of pins.
Since manufacturing test will assign each of the ASIC
products external I/O pins to banks, the “banking” algorithm
can both recognize any interdependencies of the products
external I/O, and also optimize the banked pin groups for the
banking implementation being used. When using module
test fixtures, the banking can allow for the reuse or modi-
fication of existing module test fixtures. Alternately, 1t can
facilitate the design, fabrication and turn around time of the
inventions module test fixture. When using the intermediate
banking box, the banking algorithm can exploit the redun-
dancy of the primary, alternate, and flex channels. Differ-
ential I/O pins and Voltage Reference I/O pins do place
certain constraints on how the pins are placed 1n “banked”
pin groups. External I/O with interdependencies will be
“banked” together such that they are simultaneously con-
tacted. ASIC Boundary Scan Design Rules allow the cus-
tomers external I/O test patterns to be modified and
re-simulated 1nto banked test patterns without need to repeat
cither test generation or fault machine simulation. The
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structural nature of the ASIC Boundary Scan Design
requires only good machine simulation (GMS) after the full
pin count test patterns and their parametric preconditioning,
has been separated into “banked” test patterns. The ASIC
Boundary Scan Design ensures that when external 1/0 test
patterns are separated 1nto “banked” test patterns and
re-simulated, there 1s no loss of parametric fault coverage.
The existing logical test data, physical design data and
module description that 1s currently received by manufac-
turing test contains all the information required to determine
the pin banking, and re-simulate full pin count external I/0O

test patterns into “banked” external 1/0O test patterns.

The customer will continue to design the product, run test
generation, and submit the external I/O test patterns without
knowledge of the banking configuration that will later be
determined by manufacturing. Each test 1n the test patterns
may contain any number of stimuli and measures on the
external I/O pins. As provided by the customer, the external
I/0 test patterns obtain high parametric fault coverage and
require a full pin count tester.

The first process described below analyzes an ASIC
products physical design data, logical test data, and module
description. It recognizes the presence of differential I/0,
voltage reference I/O and any other types of I/O that have
special banking restrictions. The banking constraints
required for these exceptional types of I/O pins 1s defined to
the process by a set of rules. Rules can also be included
which define guidelines that allow design/build optimization
and reuse of module test fixtures or the programming of the
channel assignments within the intermediate banking box.
For a high pin count ASIC, this process generates a list of
allowable banking configurations for the product. Multiple
“banking” configurations are possible for each ASIC. With
this flexibility, two or more ASIC products can be “banked”
in the same configuration. The most general “banked”
configuration for ASICs with a common physical 1mage can
be used allowing multiple products to share the banking
configuration and hardware.

The second described process 1s the method of moditying,
the customers full pin count External I/O test patterns into
reduced pin count External I/O test patterns that use the
“banked” pin groups. The process creates sets of banked test
patterns that conform to the banking configuration defined
by the first process. Using banking, the test patterns can be
applied on a tester with fewer channels then the product has
pins. The resulting test preserves the full parametric fault
coverage and test quality of the customers original test
pattern set.

To determine the banking process first the invention must
first read pin data from the TMD and determine the logical
to physical pin correlation from a {file that contains the
physical location of each logical I/O chip pin. Then, working,
within the “restrictions of banking™ as they relate to test I/0,
external I/0, differential I/O, voltage reference 1/0, and any
other exceptional types of external I/O pins with special
interdependencies define the external I/O “banked” pin
subsets required for the speciific part being processed. Then,
the mnvention generates the instruction set for the interme-
diate banking box that will program the assignment of the
banked, alternate and flex channels for the specific part.
Alternately, 1f a banked module test fixture 1s to be used, the
invention refers to a table of existing module test fixtures to
identify opportunities for reuse and guidelines that address
design optimization for the imventive or modified module
test fixtures. Then the mnvention generates a list of “banked”
pin groups for the product and, 1f available, which existing,
fixture to use. If a module test fixture with this configuration
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does not already exist, the invention uses these “banked” pin
groups as the basis for the design of the inventive module
test fixture or modification of an existing one.

To arrange and re-simulate external I/O Test Patterns the
invention uses a second process by using the lists of the
external I/O “banked” pin groups and the customers original
external I/O test patterns, sets aside a backup copy of the
original test patterns and 1nitiates modification of the origi-
nal pattern set by making the inventions copy of the external
I/0O test patterns for each “banked” pin group. First, for each
“banked” copy of test patterns the invention removes all the
stimuli on external I/O pins that are not in the “active” bank,
replaces all the measure latch events with measure X, and
replaces all the primary output measures with measure X.

Then, the mmvention does a Good Machine Simulation,
GMS, 1s on each “banked” copy of the test patterns. The
GMS reestablishes measures in each “banked” copy of the
test patterns. These measures are no longer dependent on
any stimuli on pins 1n an “inactive” bank.

For each “banked” pattern set, the 1nvention removes all
primary output measures on “inactive” (out-of-bank) pins.
Every primary output measure in the original pattern set will
be retained 1n at least one of the “banked” pattern sets. The
“banked” copies of the test patterns also contain precondi-
tioning from the latch stimuli events. The preconditioning
from these latch stimuli 1s for the “driver” tests of all the
external I/O pims. After the GMS, each of the “banked”
copies of the test patterns will contain “driver” test measures
on all the external I/O pins. Each “banked” copy will have
these measures on both its “active” (in-bank) and “inactive”
(out-of-bank) pins. Within these “banked” copies, those
measures on the “inactive” (out-of-bank) pins are removed.
In one “banked” copy of the test patterns, they are guaran-
teed to be “active” (in-bank) and thus remain as active
measures. Each measure need only be done once to preserve
the parametric fault coverage of the original pattern set. The
invention removes any tests that contain no measures on
latches or primary outputs after being grouped and
re-simulated. The 1nvention converts the re-simulated ATPG
external I/O test patterns into the testers required pattern
syntax, and builds a “banked” test program for the low pin
count tester.

Every stimulus and measure on an external I/O pin 1n the
original set of test patterns will be contained 1n at least one
of the “banked” test patterns. In turn, all of external I/O
parametric faults tested by the original test patterns are
tested by one of the “banked” copies of the re-simulated
external I/O test patterns. Since the ASIC Boundary Scan
Design and the methods used protect the parametric faults
through the course of this process, the customers test quality
1s retained. The sum of these parts 1s equal to the original
whole. Using ASIC Boundary Scan Design to bank external
I/O test patterns allows high pin count products to be fully
tested on low pin count testers. This ASIC design and test
method serves to avoild the high costs associated with high
pin count testers.

While the invention has been described i terms of
preferred embodiments, those skilled in the art will recog-
nize that the invention can be practiced with modification
within the spirit and scope of the appended claims.

What 1s claimed 1s:

1. An mtegrated circuit chip test apparatus comprising:

a module test fixture having contact pads, wherein said
contact pads are adapted to make contact with signal
input/output pins on an integrated circuit chip being
tested;
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an 1ntermediate banking box connected to said module
text fixture; and

a tester connected to said intermediate banking box,

where1in said tester includes at least one bank of channels,
wherein there are more of said pins on said integrated
circuit chip than there are said channels 1n said tester,

wherein said intermediate banking box includes switches
connected between said contact pads and said channels,
and

wherein said switches are adapted to selectively connect
a subset of said contact pads to said channels to connect
said tester to a subset of said pins, thereby allowing said
tester to test a portion of said integrated circuit that
corresponds to said subset of pins.

2. The apparatus 1n claim 1, wherein selected dedicated
channels of said channels are dedicated to specific ones of
said pins and are not switched to different pins during chip
testing.

3. The apparatus 1n claim 2, wherein said dedicated
channels comprise flex channels that can change which pin
connections said dedicated channels are dedicated to when
testing different types of chips.

4. The apparatus 1 claim 1, wherein said intermediate
banking box comprises a plurality of banks of said channels
and further comprises a multiplexor controller for coordi-
nating the connections of said banks.

5. The apparatus in claim 4, wherein said banks are
connected 1n parallel within said banking box.

6. The apparatus 1n claim 1, wheremn a full chip test
program supplied to said tester 1s modified by said tester
such that said tester sequentially applies portions of said full
chip test program to portions of said integrated circuit as
limited by the number of channels.

7. The apparatus 1 claim 1, wherein said intermediate
banking box 1s adapted to be connected to a plurality of
different module text fixtures associated with different types
of 1ntegrated chips to be tested, such that said intermediate
banking box can be used to test a plurality of different pin
style integrated circuit chips.

8. An integrated circuit chip test apparatus comprising:

a module test fixture having contact pads, wherein said
contact pads are adapted to make contact with signal
input/output pins on an integrated circuit chip being
tested;

a tester connected to said module test fixture,

wherein said tester includes at least one bank of channels,
wherein there are more of said pins on said integrated
circuit chip than there are said channels 1n said tester,

wherein said tester also 1ncludes switches connected
between said contact pads and said channels, and

wherein said switches are adapted to selectively connect
a subset of said contact pads to said channels to connect
said tester to a subset of said pins, thereby allowing said
tester to test a portion of said integrated circuit that
corresponds to said subset of pins.

9. The apparatus 1n claim 8, wherein selected dedicated
channels of said channels are dedicated to specific ones of
said pins and are not switched to different pins during chip
testing.

10. The apparatus 1in claim 9, wherein said dedicated
channels comprise flex channels that can change which pin
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connections said dedicated channels are dedicated to when
testing different types of chips.

11. The apparatus 1 claim 8, wheremn said switches
comprise a plurality of banks of said channels and further
comprise a multiplexor controller for coordinating the con-
nections of said banks.

12. The apparatus in claim 11, wherein said banks are
connected 1n parallel.

13. The apparatus in claim 8, wherein a full chip test
program supplied to said tester 1s modified by said tester
such that said tester sequentially applies portions of said full
chip test program to portions of said integrated circuit as
limited by the number of channels.

14. The apparatus 1n claim 8, wherein said tester 1s
adapted to be connected to a plurality of different module
text fixtures associated with different types of integrated
chips to be tested, such that said intermediate banking box
can be used to test a plurality of different pin style integrated
circuit chips.

15. An mtegrated circuit chip test apparatus comprising:

a module test fixture having contact pads, wherein said
contact pads are adapted to make contact with signal
input/output pins on an integrated circuit chip being
tested;

an 1ntermediate banking box connected to said module
text fixture; and

a tester connected to said intermediate banking box,

wherein said tester includes at least one bank of channels,
wherein there are more of said pins on said integrated
circuit chip than there are said channels 1 said tester,

wherein said intermediate banking box includes switches
connected between said contact pads and said channels,

wherein said switches are adapted to selectively connect
a subset of said contact pads to said channels to connect
said tester to a subset of said pins, thereby allowing said
tester to test a portion of said integrated circuit that
corresponds to said subset of pins, and

wherein said mtermediate banking box i1s adapted to be
used with a plurality of different module test fixtures
and testers.

16. The apparatus in claim 15, wherein selected dedicated
channels of said channels are dedicated to specific ones of
said pins and are not switched to different pins during chip
testing.

17. The apparatus in claim 16, wheremn said dedicated
channels comprise flex channels that can change which pin
connections said dedicated channels are dedicated to when
testing different types of chips.

18. The apparatus 1n claim 15, wherein said intermediate
banking box comprises a plurality of banks of said channels
and further comprises a multiplexor controller for coordi-
nating the connections of said banks.

19. The apparatus in claim 18, wherein said banks are
connected 1n parallel within said banking box.

20. The apparatus 1n claim 15, wheremn a full chip test
program supplied to said tester 1s modified by said tester
such that said tester sequentially applies portions of said full
chip test program to portions of said integrated circuit as
limited by the number of channels.
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